Introduction
============

Congenital cardiovascular malformations (CHD) are the most common group of birth defects, occurring in 6 to 8 per 1000 live births and are responsible for most deaths in the first 12 months of life.[@ref1] One quarter of these children will have critical congenital heart disease (CCHD), which requires surgery or catheter intervention in the first year of life.[@ref3] Early diagnosis of CHD is important because the delayed diagnosis of CCHD can lead to cardiac failure, cardiovascular collapse and even death. CCHD in the newborn may have low oxygen saturations unrecognized clinically. Pulse oximetry is a well established, exact, noninvasive test for quantification of hypoxemia. Use of this screening method for early detection of CCHD is based on clinically undetectable hypoxemia in potentially life-threatening cases.[@ref3] Several studies have documented the lack of sensitivity of routine neonatal examination in detecting CHD.[@ref4] Many neonates with CHD have no signs that can be detected by clinical examination.[@ref5] Recent studies have reported a high sensitivity and specificity for pulse oximetry for early detection of CHD in newborn babies.[@ref7] In developing countries with inadequate medical staff, this method can be very helpful in early detection of CCHD. Our study was designed to find the incidence of clinically unrecognized CCHD by using pulse oximetry in a rural hospital.

Material & Methods
==================

This was a prospective hospital-based study conducted in the Level II Neonatology Unit of Pediatric Department at Acharya Vinoba Bhave Rural Hospital (AVBRH) from April 2012 to January 2013. AVBRH is a 1206 bedded fully equipped teaching Hospital attached to the Medical College with state of the art facilities at Sawangi Meghe, Wardha, India.

Inclusion criteria: All newborns who admitted in postnatal ward & NICU. Exclusion criteria: Out-born babies and those neonates with a prenatal diagnosis of duct dependent circulation by fetal echocardiography. The measurements of SpO2 were performed using a Massimo Single Extraction Technology (SET) handheld pulse oximeter with a neonatal reusable Nellcor SpO2 sensor OXI-A/N probe. For each newborn, SpO2 was measured by a trained social worker on all the four limbs of the newborn within the first 4 hours of life. The probe was held manually to the wrist or palm and to the sole of the foot, following a random order. It usually required 5-6 minutes for all 4 measurements to be performed.

An SpO2 result of ≥95% was considered normal. If the SpO2 difference between the right upper limb and lower limb was ≥3%, then echocardiography was done. If the SpO2 was between 90-94%, clinical examination was performed carefully. If CHD was suspected, the neonate was referred for echocardiography. If no suspicion of CHD was made clinically, then measurement of SpO2 was repeated after 6 hours and echocardiography done if SpO2 persisted ≤95%. When the SpO2 reading was ≤90%, bedside echocardiography was done. For normal babies, a follow-up evaluation (clinical evaluation) was performed at 6 weeks. At this point of evaluation, if the newborn had abnormal cardiac examination including a finding of SpO2 \<90%, echocardiography was done. [Figure 1](#F1){ref-type="fig"} shows the flow chart of the study design.

CCHD is defined as lesions that include cyanotic defects such as tetralogy of Fallot, pulmonary atresia, truncus arteriosus, transposition of the great vessels, total anomalous pulmonary venous return, and tricuspid atresia, as well as left-sided obstructive lesions, including coarctation of the aorta, critical aortic stenosis, interrupted aortic arch, and hypoplastic left heart syndrome. All other heart disease are labelled as non-critical CHD (including patent foramen ovale or ASD \<5 mm, PDA \<2 mm).

Neonates who developed signs or symptoms suggestive of a cardiac defect were evaluated, including blood pressure, electrocardiogram, chest radiograph, pulse oximetry and echocardiography. An informed consent was obtained from one of the parents (preferably by mother) before initial screening. The study protocol was approved by the ethical committees of the Institute.

![Flow chart of the study design.](ipc-15-5-g001){#F1}

The diagnostic accuracy of pulse oximetry was measured by computation of sensitivity, specificity, positive and negative predictive values. STATA 12 software was used for the statistical analysis.

Results
=======

During the study period there were 2110 (Male: 1071; Female: 1039) live born neonates at AVBR Hospital. Oximetry screening was performed on all newborns. There were eight neonates with SpO~2~\< 90%, 102 neonates with SpO2 between 90-95% and 2000 neonates with SpO2 \>95%. Seven out of eight neonate with SpO2\<90% had CCHD, three neonates had TGA, two had tricuspid atresia, one had tetralogy of Fallot and one had transposition of great vessels.

Out of 102 with SpO2 90-95%, 98 neonates showed normal SpO2 when repeated after 6 hours from the initial measurement. Four still showed low SpO2. Out of these two where detected to have CHD, one with VSD and one with PDA. [Table 1](#T1){ref-type="table"} shows the comparison between well and low saturated groups. The mean SpO2 in the first four hour of life in well saturated group (SpO~2~ ≥ 95%) was 98.1 and 82.5% in the low saturated group (SpO~2~ ≤ 90%). There were 27 neonates with CHD in this study period, the incidence was 21.85 per 1000 live births and CCHD was 3.33 per 1000. A pulse oximetry cut-off value of below 90% for detecting CCHD showed 100% sensitivity, 99.95% specificity, 87.50% positive predictive value, 100% negative predictive value. A pulse oximetry cut-off value of below 95% showed 100% sensitivity, 95.08% specificity, 6.36% positive predictive value, 100% negative predictive value.

###### 

Comparison between Well Saturation (≥90%) & Low Saturation (\<90%) groups

  Parameter                                Well Saturation   Low Saturation (CCHD)
  ---------------------------------------- ----------------- -----------------------
  • Newborns                               2103              7
  • Mean gestation age                     38.6 Wk           38.2Wk
  • Mean body weight                       2.7Kg             2.3Kg
  • Mean oxygen saturation of right hand   99.1              86
  • Mean oxygen saturation of left hand    98.5              84
  • Mean oxygen saturation of right leg    99.3              83
  • Mean oxygen saturation of left leg     98.2              85

Discussion
==========

CHD are a leading cause of infant deaths in the developed world. Delayed diagnosis of CHD is associated with a worse preoperative condition.[@ref2] In our study the incidence was 21.85 per 1000 live birth which is higher than the previous reported study.[@ref10] The incidence CCHD was 3.33 per 1000 live births in our study which is in agreement with a previous study.[@ref8] Brown KL et al[@ref11] reported that 25% of infants with CCHD were not diagnosed with heart disease until after discharge from the nursery. A number of children with CCHD are so severely compromised at presentation that they die before surgical intervention. Screening infants with non-invasive measurement of oxygen saturation has been proposed as an aid for early detection of duct dependent circulation. CCHDs are structural heart defects that often are associated with hypoxia among infants during the newborn period. Infants with CCHDs are at risk for significant morbidity or mortality because there circulation is duct dependent. Vaidyanathan B et al[@ref12] reports a poor sensitivity for pulse oximetry, as well, for detection of CHD. Pulse oximetry was also found to have a low predictive value. This may be due to the fact that only four patients in this study had critical CHD with cyanosis.

The study done by Koppel RI et al[@ref8] reported the effectiveness of pulse oximetry screening for CHD in asymptomatic newborns (sensitivity: 60%; specificity: 99.95%; positive predictive value: 75%; negative predictive value: 99.98%; accuracy: 99.97%). Similarly, de Wahl Granelli A et al^1^ revealed that systematic screening for CCHD with high accuracy required a new generation oximeter, and comparison of saturation values from the right hand and one foot substantially improves the detection of CCHD (sensitivity: 98.5%; specificity: 96.0%; positive predictive value: 89.0%; negative predictive value: 99.5%). In our study, for detecting CCHD, pulse oximetry (SpO2) cut-off value of below 90% showed 100% sensitivity, 99.95% specificity, 87.50% positive predictive value, 100% negative predictive value.

As CCHD may not be apparent at the time of early discharge examination, post-ductal arterial pulse oximetry screening during the first 24 hours of life has been put forth as the most useful strategy to prevent circulatory collapse or death.[@ref9] Previous studies have suggested that performing pulse oximetry on all newborns before hospital discharge is an effective screening tool for detection of CCHD.[@ref14] Mostly in institutions, pulse oximetry prior to discharge from the newborn nursery is not performed routinely. And even screening is also not done regularly.

Pulse oximetry is a safe, noninvasive, inexpensive, excellent detection rate and reasonably sensitive test that will detect many cases of CCHD. Earlier diagnosis of CCHD may lead to earlier interventions and improved patient outcomes.[@ref17] The limitation of the study is that the number of screened neonates are small and no cases of coarctation of aorta were picked up to validate the difference of oxygen saturation in the right arm and leg. The strengths of the study was that it screened large numbers of newborns to rule out CCHD with the help of cheap, non-invasive, and ubiquitous pulse oximetry devices. The weakness of the study was it would not detect all forms of congenital heart disease, and the inevitable false positives cases.

Conclusion
==========

This study suggested that the pulse oximetry, which is noninvasive and cost-effective, can be used as a screening tool for detecting CCHD in clinically normal newborns. If oxygen saturation is below 90% in clinically normal newborns within first 4 hours of birth, urgent echocardiography is suggested to rule out CCHD. To decrease the false-positive cases, neonatal screening for CCHD should be done after 24 hrs of life. This results in a decreased burden for echocardiography services.
